Material & Methods
This study was a retrospective descriptive, recordbased analysis of suspected and confirmed cases of pandemic influenza A (H1N1) 2009 infection which occurred in Rajasthan during January to March 2015. The study was carried out at the Advanced Research Laboratory, SMS Medical College, Jaipur, Rajasthan, India. The study was approved by the Institutional ethics committee.
Epidemiological data: The case definitions followed were as follows: (i) Suspected case defined as a case with signs and symptoms as per category B and C
7
; and (ii) Confirmed case defined as a probable case that was tested positive for pandemic influenza A (H1N1) 2009 by real-time reverse transcription polymerase chain reaction (RT-PCR).
All patients with categories B and C were given treatment and samples were sent for testing, and treatment was discontinued if found negative. The complete information about all suspected and confirmed cases and deaths at the H1N1 visiting screening centres, swine flu outpatient departments and swine flu isolation wards and hospitals from Rajasthan was collected. The data were compiled at the State Surveillance Unit using proforma prepared by the State government.
Rajasthan is divided into seven zones, among which six zones have one government medical college 
Sample collection and RT-PCR:
Throat or nasal swab samples of suspected cases with influenza-like illness (ILI) were collected in Viral Transport Medium and sent to laboratories maintaining cold-chain. RNA was extracted by QIAamp Viral RNA Mini Kit (Qiagen, Germany). RNA of each isolate was tested by separate primer/probe sets for InfA, Universal Swine (swFluA), Swine H1 (swH1) and RNaseP (Applied Biosystems, USA) as per the CDC real-time RT-PCR protocol (ABI Step One Plus RT-PCR instrument -Applied Biosystems, USA) 8 .
The epidemiological profiles of all pandemic influenza A (H1N1) 2009 virus cases were analyzed in terms of demographic characteristics, clinical presentation and outcome. Statistical analysis on stratified data was performed using Chi-square test. Case fatality rate (CFR) was calculated for pandemic influenza A (H1N1) 2009 positive cases leading to death.
Results
A total of 18,187 patients suspected to have pandemic influenza A (H1N1) 2009 virus infection were tested in this period of whom 34.10 per cent (6203) were found positive. Death occurred in 378 cases with CFR of six per cent in positive cases. The zone-wise distribution of H1N1 cases is shown in Table I Fig. 1 . As per weekly trends in positivity, only six cases were observed in the first week, but there was a sudden increase in the sixth week and cases peaked in eighth week while deaths peaked in the seventh week after which decline in number of cases and deaths was seen.
The age and sex distribution of pandemic influenza A (H1N1) 2009 virus positive and death cases are shown in Table II . A total of 6203 cases were positive; of these, 3207 (51.70%) were males; and 2953 (47.60%) cases were in 26-50 yr age group. Pandemic influenza A (H1N1) 2009 virus infection rate was higher in people from urban areas (5659, 91.23%) than from rural areas (544, 8.77%). Stratified analysis revealed that deaths were more in urban areas among females (35.98%) and in 16-65 yr age group (Table III) .
Fever, sore throat, running nose, cough, shortness of breath, diarrhoea, vomiting, headache and body ache were the common clinical symptoms. On carrying out death audit of 323 death cases, 131 (40.56%) had no risk factors and 192 (59.44%) had associated risk factors. Pregnancy was the most common associated risk factor (49, 15.17%), followed by heart disease (36, 11.15%), diabetes mellitus type 2 (34, 10.53%), respiratory diseases (27, 8.36%), cancer (16, 4.95%), obesity (7, 2.17%), thyroid diseases (7, 2.17%), kidney diseases (5, 1.55%), liver diseases (4, 1.24%) and other diseases (12, 3.72%). Of the 49 pregnant women, 47 (95.91%) were admitted to the Intensive Care Unit (ICU) and all were on ventilator. Pregnancy was the most predominant risk factor associated with pandemic influenza A (H1N1) 2009 virus-associated mortality. One hundred and six death cases (33%) were admitted after 4-5 days of onset of symptoms, 200 (62%) expired within three days of hospitalization (Fig. 2) . Two hundred ninety of 323 death cases (89.78%) were admitted to the ICUs, of whom 275 (94.83%) were on ventilator. 
Discussion
There was sudden increase in number of pandemic influenza A (H1N1) 2009 virus-positive cases in India in January 2015 and the infection became widespread. Fever and cough were the most common clinical symptoms seen in our study as has been reported earlier also 9, 10 , followed by sore throat, running nose, headache, body ache, vomiting, breathlessness, weakness, diarrhoea, etc. In children, commonly reported symptoms were fever, cough and running nose as reported previously [11] [12] [13] . The percentage of positive cases (34.11%) in the present study was higher than that reported in earlier studies, 22 . Death occurred in 378 cases and the CFR was six per cent in our study. No particular clinical or biochemical predictor was observed for mortality. Patients not responding on oxygen mask and non-invasive ventilation, having arterial PO 2 less than 90 were put on invasive ventilator, and mortality was high in such patients 19 .
The CFR was found to be 12.6 and 21 per cent in 2012 and 2013 in Western Rajasthan 16, 17 , 1.8 per cent from south India 20 and 17.9 per cent in hospitalized patients at Jaipur 19 . In the present study, positivity was higher in urban population (91.23%) than rural population (8.77%) as reported earlier 21 . Mortality was also higher (63.5%) in urban areas, particularly in women in our study as reported earlier from Gujarat (64.2%) 18 and Rajasthan (64.22%) 22 .
Positivity and mortality were predominantly seen in 16-65 yr age group in the present study as has been earlier reported from India and other countries 16, 17, [23] [24] [25] . People in this age group are mostly working and thus liable to get exposed to pandemic influenza A (H1N1) 2009 infection while those above 65 yr may have had greater immunity due to previous exposure to similar viruses 26, 27 . In the present study, positivity started increasing from the first week of January, reached at the highest in the eighth week of 2015, with a decline subsequently. The relationship of influenza virus with low temperature has been reported from other States of India 16, [28] [29] [30] .
Of the 323 deaths in the present study, 59.44 per cent had associated risk factors. A study from the USA reported co-morbidities in 73 per cent of fatal cases; asthma, diabetes, heart, lung, neurologic diseases and pregnancy 28 ; in addition, metabolic diseases, immunosuppressive conditions and neuromuscular disorders were reported from California 25 . Heart and respiratory diseases along with anaemia, obesity and cancer were the common co-morbidities reported in Indian studies 20, 23 . High mortality was found in pregnant women in our study as reported earlier 3, 22 .
There were some limitations in the present study. Detailed death audit was not done to find the causes of death; only data obtained in proforma were analyzed. Analysis was not done for respiratory parameters of responders and non-responders. The reason as to why some districts in Rajasthan had lower positivity and low CFR, besides regional geographical conditions was not taken into account, which might have a significant impact on prevalence and morbidity. As per the guidelines, category B should not be tested, but the same was not followed in this study due to the emergency situation; hence, there was limitation in comparison of CFR data over the period. There is also a need to carry out subtyping of influenza A and correlate clinical and epidemiological profile of circulating subtypes of non-pandemic influenza A.
In conclusion, our study showed high mortality and morbidity due to pandemic influenza A (H1N1) 2009 virus infections in Rajasthan, particularly in the younger and middle-aged population. Pregnancy, anaemia, heart and lung diseases were the common predisposing factors. Regular surveillance, early diagnosis and timely initiation of oseltamivir therapy in suspected cases would be helpful to reduce mortality and morbidity under such emergency situation.
